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1.   ULTRASONIC TESTING INSPECTION

1.1   HULL INSPECTION

The  hull of  the  Battleship TEXAS (BB-35) was  inspected  (ultrasonic testing (UT)) by  an  underwater
industrial  dive  team  (VEOLIA  ENVIRONMENTAL  SERVICES  of  New  Orleans)  in  December,
2010.  Hull thickness measurements were carried out at fifty five (55) stations along the hull plating on 10
ft. centers from bow to stern, at three vertical elevations for each station – Waterline, Mid-depth and
Mudline. Measurements were carried out on both Port and Starboard sides for each depth and station
location (see APPENDIX A for location of measurement stations).

APPENDIX B provides the measurements  in  tabular  form  with  original  plate  thickness,  current plate
thickness  measured,  actual  plate  loss  and  percentage  plate  loss at the various depths and station
locations, for both Port and Starboard sides. The percentage losses are shown graphically in Figure 1 and
Figure 2 and indicate no obvious trend although a slight increase in percentage loss with increasing
distance from the bow is seen in Figure 1. The maximum percentage losses are 84.57 % for Station 35
(Bottom measurement) for Portside, and 82.94 % for Station 15 (Waterline measurement) for Starboard
side.

Figure 3 and Figure 4 show the “exceedance frequency” curves for the hull thickness percentage loss for
Port and Starboard sides, respectively, where the percentage loss in hull thickness is plotted against the
cumulative percentage of total number of readings taken during the inspection. Both figures indicate fairly
similar patterns for all three measurement depths. For both Port and Starboard sides, approximately 50 %
or more of the measurements indicate a percentage loss of 50 % for the hull thickness at all three
measurement depths.
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Figure 1 Percentage Loss of Hull Plating at Stations No. 1 Through Station No. 55 (PORT) (Linear Trend Lines for Measurements at Each Water Depth Are Also Shown)

Figure 2 Percentage Loss of Hull Plating at Station No. 1 Through Station No. 55 (STARBOARD) (Linear Trend Lines for Measurements at Each Water Depth Are Also Shown)
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Figure 3 Exceedance Frequency Curve for Percentage Loss in Hull Thickness (PORT)

Figure 4 Exceedance Frequence Curve for Percentage Loss in Hull Thickness (STARBOARD)

These measurements confirm  that  the  vessel’s  shell  plate  structure (for both blister tanks and the hull)
is  failing  and  is  in  need  of  urgent repair through dry  docking,  or  in  this  case,  a  dry  berthing
solution.

1.2   MOORING CLUSTERS INSPECTION

The  vessel’s  mooring  clusters  (Figure 5 and Figure 6) appeared  to  be  in  fine  repair  and  have  many
years  of  service  life  remaining.  Inspection  by the dive  team  revealed  no  significant  structural
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problems  with  the  cells  down  to  the  mud  line.

Figure 5 Aft Pair of Mooring Clusters (Starboard Side)

Interior  inspection  of  the  four boxes  revealed  the  structures  to  be  in  excellent  condition.  Likewise,
the  underwater  inspection  of  the  four  piles  showed  uniform  UT  readings  from  waterline  down  to
the  mudline. UT readings of each cluster were taken at three vertical elevations (Waterline, Mid-depth and
Mudline) and four compass orientations (N, S, E, W) relative to the slip orientation and are shown in Table
1.
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Figure 6 Forward Pair of Mooring Clusters (Starboard Side)
Table 1 UT Readings (inches) of Forward and Aft Clusters (“N” signifies the channel side of the

monopile. “E”, “S” and “W” signify measurements through the compass rose on 90 degree clockwise
increments from “N” measurement)

The mooring  cluster  piles  appear  to  be  in  excellent  structural  condition  with  above-water
weldments  appearing  in  good  condition.

2.   CORROSION ANALYSIS

As part of the conducted survey on the Battleship TEXAS (BB-35),  a  corrosion  investigation  was
undertaken  to  assess  underwater  steel  corrosion  rate resulting  from electrolytic  action.  The
investigation which was conducted on December 2nd, 2010 consisted of the following:

Stations were spaced at approximately 40 ft. centers
Readings were taken on the Port and Starboard sides of  the ship at the  waterline (Table 2)
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Equipment used was an M.C. Miller Silver Chloride  half  cell  operating  through  a  ceramic  salt
bridge  and  connected  to  a  digital  Fluke  meter  set  to  millivolt (mV) scale
Ambient air temperature 55  F
Water temperature 59  F

An  overview  of  corrosion  as  it  relates  to  the  mV  scale is provided herein:

Steel  has  a  base  voltage  in  an  electrolyte  of  around  500  mV
 Depending  on  the  alloy  and/or  purity  of  the  steel,  it  can  range  from  around  790  mV  for
mild  steel  with  no  coating  or  protection  to  well  below  500  mV  for  stainless  steel.  The
lower  the  number  the  more  noble  the  metal,  leading to  less  corrosion
Steel  is  well  protected  if  the  readings  are  between  800  mV  and  1,000  mV is possible to
damage the metal by over protecting it.  Steel  is  over  protected  at  around  1,100  mV  and  at
1,200  mV,  damage  to  coatings  and  the  metal  is  quite  likely.  This is the case in the waters
around the Battleship TEXAS (BB-35) (Table 2).

When  measuring  for  corrosion,  results that show  wide  differences  in  voltages  from  one  part  of  the
vessel  to  another in  excess  of  200  mV indicate  possible  stray  current  affecting  the  vessel  or  widely
dissimilar  metals  being  used  in  close  proximity to each  other.  Either case requires immediate
attention.  The  greater  the  discrepancy  in  readings,  the  faster  the  metal  is  being  corroded  and  the
sooner  failure  will  occur.  It  should  be  recognized  that  other  factors  can  influence  the  rate  of  plate
corrosion,  such  as  water  current,  salinity and  chemical  contamination  in  the  water  or  in  the
vessel's  bilge.  These conditions were observed on the Battleship TEXAS (BB-35).

There  are  apparent  "hot  spots,"  and  it  appears  that  the  ship  is  freely  corroding  in  that  a  cathodic
protection  system  has  been  installed,  but which  has  issues  regarding  the  settings  from  the  rectifiers.
The  readings  in  the  ‘on’  condition  are  too  high  and  have  probably  burned  away  the steel protective
coating  system  years  ago.  This  system  needs  replacement if  the  decision  is  made  to  keep  the  ship
in  her  current  berth  arrangement at  the Battleship  Basin.  It  is  highly probable  that  the  bottom
coatings  on  the  ship  have  failed  and  that  there  will  likely  be  plate  replacement  prior to, or during,
dry berthing.   Additionally, rivet heads have demonstrably started to leak.

Table 2 Corrosion Meter Readings at 40 ft. Centers from Stem to Stern (mV; “*” represents a Deep
Reading taken just above the Mudline). Cells highlighted in pink signify voltage measurements in

excess of 1200 mV and denote likely damage to coatings and metals.
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3.   SUMMARY

While there are no obvious trends for the variation of the plate loss along the vessel’s length or
depth, for both Port and Starboard sides, approximately 50 % or more of the UT measurements
indicate a loss of 50 % for the hull thickness from the waterline down to the mudline.
The  vessel’s  shell  plate  structure (for both blister tanks and the hull) is  failing  and  is  in  need
of  urgent repair prior to any movement of the vessel.
The  vessel’s  mooring  clusters  appeared  to  be  in  good condition and  have  many  years  of
service  life  remaining.  The UT inspection revealed no loss of thickness for the piles down to the
mudline.
A corrosion analysis of the vessel hull showed apparent  "hot  spots"   and  it  appears  that  the
ship  is  freely  corroding  in  that  a  cathodic  protection  system  has  been  installed,  but which
has  issues  regarding  the  settings  from  the  rectifiers.
The corrosion readings suggest that over-protection of the metal might have caused damage to the
coatings and the metal, and that the bottom coatings on the ship have failed.
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APPENDIX A

STATION ANNOTATION FOR
ULTRASONIC TESTING

MEASUREMENTS
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Figure A-1 Station Annotation for Ultrasonic Testing Measurements
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APPENDIX B

ULTRASONIC TESTING
MEASUREMENTS FOR HULL

THICKNESS
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Table B-1 Ultrasonic Testing Hull Thickness Measurements and Percentage Loss
for PORT Side Stations (Station No. 1 – Station No. 20), “W” – Waterline, “M” –

Mid-depth, “B” – Bottom/Mudline
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Table B-2 Ultrasonic Testing Hull Thickness Measurements and Percentage Loss
for PORT Side Stations (Station No. 21 – Station No. 55), “W” – Waterline, “M” –

Mid-depth, “B” – Bottom/Mudline
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Table B-3 Ultrasonic Testing Hull Thickness Measurements and Percentage Loss
for STARBOARD Side Stations (Station No. 1 – Station No. 20), “W” – Waterline,

“M” – Mid-depth, “B” – Bottom/Mudline



ULTRASONIC TESTING INSPECTION AND CORROSION ANALYSES OF HULL & MOORING
CLUSTERS

14

Table B-4 Ultrasonic Testing Hull Thickness Measurements and Percentage Loss
for STARBOARD Side Stations (Station No. 21 – Station No. 55), “W” – Waterline,

“M” – Mid-depth, “B” – Bottom/Mudline


